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BEAM MEASURFM1Em WITH THE FAST K I C K J B  

To use  t h e  f a s t  k i cke r  as a beam measuring too l  i t  is  necessary 

t o  know t h e  beam t r a n s p o r t  c h a r a c t e r i s t i c s  of t h e  magnets and vacuum 

pip ing  loca ted  downstream from t h i s  magnet. Knowledge of t h e  beam 

t r a j e c t o r i e s  and o s c i l l a t i o n s  

i s  a l s o  needed s o  t h a t  pa r t i a l  beam s toppers  and d e t e c t i o n  devices  

may be  pos i t ioned  t o  advantage,  

mation w a s  obtained us ing  t h e  "Beam" computer program. 

The Undisturbed Beam 

both when "Kicked" and undis turbed 

Th i s  r e p o r t  desc r ibes  how the  i n f o r -  

The undis turbed beam w a s  considered t o  be l imi t ed  i n  h o r i z o n t a l  

phase space by t h e  5 3 /4 - in0  s t r a i g h t  s e c t i o n s  fo l lowing  t h e  number 5 

magnets i n  each of t h e  superper iods .  V e r t i c a l  phase space was taken t o  be 

l imi t ed  by t h e  2 1 /2- in .  v e r t i c a l  opening of t h e  f a s t  k i cke r  scheduled 

f o r  i n s t a l l a t i o n  a t  L10. 

by M .  Barton and H. Reich (Memorandum November 24, 1965),  an i n j e c t e d  

p a r t i c l e  momentum of .4040 x 10. gauss inches w a s  found t o  have i t s  

equi l ibr ium o r b i t  passing very near  t h e  c e n t e r  of t h e  No. 5 s t r a i g h t  

s e c t i o n s .  Hor izonta l  be t a t ron  o s c i l l a t i o n s  are then  allowed t o  have 

t h e i r  g r e a t e s t  amplitudes a t  t h i s  momentum, and t h i s  w a s  t h e  momentum 

used f o r  computations.  

Using t h e  "Beam" program (EDC-36), a s  modified 
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The t ransformat ion  mat r ices  ca l cu la t ed  and p r i n t e d  out  by "Beam" 

when searching  f o r  equ i l ib r ium o r b i t s  were used t o  o b t a i n  va lues  f o r  

cy and p a t  t h e  s t r a i g h t  s e c t i o n  l o c a t i o n s .  

used t o  c o n s t r u c t  beamell ipses  about  t h e  equi l ibr ium o r b i t  p o s i t i o n s  

a t  each of t h e  s t r a i g h t  s e c t i o n s ,  When t h e  r e s u l t s  i n  t h e  h o r i z o n t a l  

plane were t e s t e d  wi th  f o u r  test p a r t i c l e s  i n  t h e  "Beam" program t h e r e  

These va lues  were i n  t u r n  

w a s  c l o s e  agreement i n  t h e  r e s u l t s .  This  i n d i c a t e s ,  a long  with computational 

cons is tency ,  t h a t  t h e  machine may b e  considered l i n e a r  f o r  t h e  dimensions 

involved. 

The D e f  l ec t ed  B e a m  

The kicked beam was ' taken  as a t  present  where we have t h e  old i n j e c t i o n  

system p ip ing  fitiised i n  a t  E10 t o  E12. The c e n t e r l i n e  of t h e  de f l ec t ed  

beam pipe  is  approximately 8 i n .  from t h e  undis turbed beam pipe  a t  L12. 

The d e f l e c t e d  beam p ipe  i s  not  q u i t e  4 i n .  i n  diameter and extends from 

t h e  c e n t e r  of t h e  L12 magnet t o  t h e  s t r a i g h t  s e c t i o n  after L13. . 

A s  t h e  beam s i z e  is a maximum r i g h t  a t  i n j e c t i o n  be fo re  b e t a t r o n  

o s c i l l a t i o n  amplitudes are reduced with inc reas ing  energy, t h i s  i s  t h e  

condi t ion  f o r  which t o  p lan .  

r ad ians  when added t o  t h e  equ i l ib r ium o r b i t  a t  LlO w a s  found t o  trace a 

Using "Beam" a n  angular  d e f l e c t i o n  of .02496 

s u i t a b l e  pa th  down t h e  pipe.  

produced by t h e  program 01 and p were transformed t o  L11, L12, and t o  L13. 

Again e l l i p s e s  were cons t ruc ted  about  t h e  midpoint path.  This  t i m e ,  when 

test par t ic les  were launched through t h e  program t o  check r e s u l t s ,  t h e  

agreement w a s  good through L12 s t r a i g h t  s ec t ion .  A t  L13 t h e  non- l inea r i ty  

of t h e  f r i n g e  f i e l d  is evident  bu t  t h e r e  i s  s t i l l  good agreement f o r  par t ic les  

with small r a d i a l  dev ia t ion  from t h e  c e n t r a l  path.  

Making use of t h e  t ransformat ion  matrices 



u Value 

For  t h e s e  c a l c u l a t i o n s  t h e  "Beam" program w a s  used without quadrupole 

o r  sextupole  f i e l d s  . This  y i e l d s  a mathematically "Natural" machine with 

a vH of 8.65 and uv of 8.73. Actual  machine opera t ion  i s  genera l ly  wi th  

quadrupole f i e l d s  such Chat IJH is  about 8.3 and uv about 8 . 7 .  

The effect of t h i s  reduct ion  i n  h o r i z o n t a l  u value  is  t o  decrease  

t h e  machine acceptance by an amount approximately equal  t o  t h e  decrease  

i n  v value.  

From EDC-28 

The a c t u a l  beam envelope is then  somewhat smaller than  descr ibed .  

A11 beam c learances  should c e r t a i n l y  s t i l l  be v a l i d  and t ransformat ion  

mat r ices  from L10 t o  L13 are unchanged. 

Observations 

Refer r ing  t o  t h e  beam ellipses: 

The h o r i z o n t a l  beam envelope a t  L12-Ll3 i s  g r e a t e r  than  t h e  4 i n .  

allowed by t h e  vacuum pipe.  To ob ta in  complete t ransmiss ion  a t  i n j e c t i o n  

energy through t o  L13 t h e  p i p e  would have t o  b e  widened to 7 i n .  

The L11 s t r a i g h t  s e c t i o n  i s  a good l o c a t i o n  f o r  a beam co l l ima t ing  

device.  The undis turbed beam has a maximum hor i zon ta l  be t a t ron  o s c i l l a t i o n  

amplitude of but 1.8 i n .  A s  t h e  d e f l e c t e d  beam i s  d isp laced  4 i n .  from 

t h e  undis turbed beam, t h e r e . i s  more than  1/4 i n .  free f o r  a support .  A 

support  s o  pos i t ioned  would not  i n t e r g e r e  wi th  t h e  beam before ,  o r  a f t e r ,  

t h e  "Kick" . 
Detect ion equipment can be  loca ted  anywhere up t o  t h e  L12 s t r a i g h t  

s ec t ion  before  beam i s  l o s t  on t h e  vacuum chamber w a l l s .  
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Linear  t ransformat ion  of beam c h a r a c t e r i s t i c s  should c e r t a i n l y  be  

adequate f o r  measurements made up t o  L12,  To so t ransform measurements 

made a t  L13 would in t roduce  a n  e r r o r  depending on t h e  p a r t i c l e s '  r a d i a l  

pos i t i on .  

D i s t r ibu t ion :  AGS S t a f f  
M. Barton 
J. Herrera 
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